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I e INTRODUCTION 

Current experiments a r e  i n v e s t i g a t i n g  t h e  effects o f  d a i l y  

freeze-thaw cyc les  and u l t r a v i o l e t  i r r a d i a t i o n  on t h e  s u r v i v a l  

o f  b a c t e r i a  a i rbo rne  i n  d u s t  clouds of  s o i l .  Representa t ive  

types o f  b a c t e r i a  p re sen t  i n  spacec ra f t  assembly a reas  o r  

normally indigenous t o  humans w e r e  used: Bac i l lu s  cereus ,  

_. B.  s u b t i l i s ,  Escherichia  c o l i ,  and Staphylococcus aureus.  

These organisms w e r e  inocula ted  i n t o  a l imoni te  coated soil 

( co l l ec t ed  i n  t h e  Sonoran Desert, Arizona) and w e r e  i r r a d i a t e d  

d a i l y  with a Mars d a i l y  t o t a l  equiva len t  u l t r a v i o l e t  f l u x  over 

t he  2400 t o  2800 A reg ion:  

r e n t l y ,  t h e  organisms w e r e  a l s o  exposed t o  a d a i l y  freeze-thaw 

cyc le  o f  16-hr a t  -65°C and 8-hr a t  3OOC. 

a va lue  o f  298 vWcm'2. Concur- 

The decrease i n  v i a b l e  ce l l  counts  of - B. cereus ,  - B. s u b t i l i s ,  

and &- aureus w a s  s i m i l a r  t o  t h e  r e s u l t s  from experiments with- 

ou t  u l t r a v i o l e t  i r r a d i a t i o n  and d a i l y  freeze-thaw cyc le .  The 

v i a b l e  ce l l  count of  _.) B. cereus and - B. s u b t i l i s  decreased 99% 
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and _I S.  aureus decreased 99.9% whi l e  suspended i n  s imulated 

Martian d u s t  c louds fo r  2 1  days. E. c o l i  w a s  extremely sen- 

s i t i ve  t o  t h e  test  environment. Viable cells w e r e  n o t  re- 

covered after 1 day i n  t h e  test environment. 

The d a t a  i n d i c a t e s  t h a t  t h e  u l t r a v i o l e t  f l u x  a t  t h e  s u r -  

face of Mars may n o t  be as effective a s t e r i l i z i n g  agent  as 

previous l y  assumed . 
The decreased v i a b i l i t y  does n o t ,  a t  t h i s  t i m e ,  i n d i c a t e  

any r e l a x a t i o n  o f  s p a c e c r a f t  s t e r i l i z a t i o n  c o n s t r a i n t s  s i n c e  

s i g n i f i c a n t  numbers o f  bacteria would su rv ive  from i n i t i a l  

popula t ions  and s t i l l  th rea t en  t h e  contamination o f  Mars by 

e a r t h  organisms. 

The fol lowing p resen ta t ion  and abstract  d e a l i n g  wi th  work 

performed under Cont rac t  NASr-22 w e r e  made dur ing  t h e  r e p o r t  

per iod .  

a.  

b. 

Semiannual p r o j e c t  r e p o r t  p resented  a t  t h e  

S t e r i l i z a t i o n  Technology Seminar, February 11 

and 12, h e l d  a t  Cape Kennedy, F lo r ida .  

An abstract  of t h e  paper e n t i t l e d  "Effect o f  

U l t r a v i o l e t  on t h e  S u r v i v a l  o f  Bacteria Airborne 

i n  Simulated Mart ian Dust Clouds," w a s  submitted 

t o  t h e  Nat iona l  Academy of  Sciences fo r  presenta-  

t i o n  a t  t h e  1969 Annual COSPAR Meeting. W e  have 

s i n c e  been informed o f  i t s  acceptance by t h e  NAS 

Space Science Board. 

t o  t h e  I n t e r n a t i o n a l  Working Group V Space Biology. 

The paper has been r e f e r r e d  
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11. EXPERIMENTAL METHODS 

A.  Chamber 

A r o t a t i n g  chamber, s i m i l a r  t o  t h e  one previous ly  des- 

c r ibed  i n  Report  No. IITRI-L6023-13 and -14, has been con- 

s t r u c t e d  of  aluminum 12-in.  i n  diameter and 12-in.  long. 

The new chamber w a s  r equ i r ed  because o f  t h e  unacceptable  

performance of  t he  f i r s t  chamber a t  -65°C. 

A b a f f l e  system o f  screen material  creates d u s t  clouds 

of  t h e  s o i l  as t h e  chamber r o t a t e s  a t  approximately 16  rev/min. 

The r o t a t i n g  chamber i s  p r e s e n t l y  operated i n  an environmental  

chamber which i s  programmed f o r  d a i l y  freeze-thaw cyc le  of 

16-hr a t  -65°C and 8-hr a t  30°C. I r r a d i a t i o n  wi th  an u l t r a -  

v i o l e t  lamp i s  f o r  1-hr a t  t h e  beginning o f  t h e  thaw por t ion  

of  t h e  d a i l y  freeze-thaw cyc le .  

A t  one end of  t h e  chamber t h e r e  i s  a s u p r a s i l  qua r t z  

window set i n  t h e  face p l a t e .  S u p r a s i l  t ransmi ts  90% of  

t h e  u l t r a v i o l e t  over t he  2000 t o  3000 A region wi th  t h e  

t r a n s m i t t a n c e  dropping o f f  sha rp ly  a t  1600 A.  A sampling 

p o r t  i s  p re sen t  i n  t h e  face p l a t e  a t  t h e  oppos i t e  end to -  

ge the r  wi th  a p o r t  t h a t  permits  evacuation o f  t h e  chamber 

t o  p a r t i a l  p re s su res  equal  t o  those c u r r e n t l y  es t imated f o r  

t h e  Martian barometr ic  pressure .  A t  p re sen t ,  t h e  chamber i s  

being modified so  t h a t  s o i l  samples can be  removed without  

d i s r u p t i n g  t h e  chamber environment when ope ra t ing  a t  p a r t i a l  

p re s su res  less than 760 m. 
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The chamber's capac i ty  i s  several pounds of  s o i l .  The 

type o f  s o i l  p r e s e n t l y  used i s  a l imoni te  coated s o i l  from 

t h e  Sonoran Desert i n  Arizona. 

The e n t i r e  chamber toge ther  wi th  t h e  s o i l  i s  autoclaved 

a t  121°C f o r  1 h r  on each o f  two succeeding days and d r i e d  

f o r  1/2-hr i n  a vacuum autoc lave .  After cool ing ,  t h e  s o i l  

i s  inocula ted  by spraying 4-ml of  a phosphate b u f f e r  suspen- 

s ion  of  t h e  organisms c a l c u l a t e d  t o  g ive  lo6 v i a b l e  c e l l s / g  

of  s o i l  wi thout  i n t roduc ing  excessive amounts of water .  

B a U l t r a v i o l e t  Source 

The u l t r a v i o l e t  lamp i s  a Hanovia type A lamp (No. 6738, 

550 wa t t s )  wi th  a 4.5-in.  a r c  length t h a t ,  a t  a d i s t a n c e  of  

27-cm, e m i t s  approximately 8 t i m e s  t h e  u l t r a v i o l e t  i n t e n s i t y  

(over t h e  2400 t o  2800 A region)  of  t h a t  c a l c u l a t e d  f o r  t h e  

su r face  o f  Mars. 

The lamp i n t e n s i t y ,  o r  i r r a d i a n c e ,  f o r  d i f f e r e n t  wave- 

lengths  i n  t h e  u l t r a v i o l e t  region w a s  c a l c u l a t e d  wi th  an 

Eppley thermophile (Eppley Laboratory Equipment Co. , Newport, 

Rhode I s l and)  e The thermophile i s  a c i r c u l a r  , 12-junct ion,  

bismuth-si lver  instrument  with a s e n s i t i v i t y  (pV/pWcm-2) of 

0.15 and a response t i m e  of 1.5 sec, Thermophile, o r  rad io-  

m e t e r ,  readings w e r e  taken a t  d i f f e r e n t  d i s t a n c e s  from t h e  

lamp wi th  var ious  f i l ters  t o  obta in  t h e  lamp's s p e c t r a l  

c h a r a c t e r i s t i c s  e Approximately 50% of  t h e  lamp's emission i s  
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i n  t h e  u l t r a v i o l e t  region (2200 t o  4000 A) wi th  about 10% i n  

t h e  2400 t o  2800 A region.  

To determine t h e  d a i l y  opera t ing  t i m e  of t h e  lamp t h e  

cumulative va lue  o f  t h e  s o l a r  i r r a d i a n c e  above the  E a r t h ' s  

atmosphere over t h e  2400 t o  2800 A region was  mu l t ip l i ed  by 

0.46 t o  g ive  t h e  t o t a l  d a i l y  equiva len t  i r r a d i a n c e  a t  the  

su r face  of  Mars which w a s  ca l cu la t ed  t o  be 298 vWcm'2. 

m e t r i c  measurements showed an i r r a d i a n c e  of  2600 pWcm"2 a t  

t h e  chamber f r o n t  (27-cm from the  u l t r a v i o l e t  source) and 

530 pWcmm2 a t  t h e  back of  t h e  chamber (59-cm from t h e  u l t r a -  

v i o l e t  source) .  To obta in  the, Martian equiva len t  f o r  t hese  

i r r a d i a n c e s  t h e  lamp would have t o  ope ra t e  0.92-hr (55 min) 

and 4.4-hr (264 min) r e spec t ive ly .  It w a s  a l s o  found by 

rad iometr ic  measurements t h a t  t h e  d u s t  cloud decreased the  

u l t r a v i o l e t  i r r a d i a n c e  a t  least  13-fold s i n c e  the  reading 

was below the  threshold  of t he  potentiometer.  

Radio- 

The i n i t i a l  experiments used a 1-hr d a i l y  u l t r a v i o l e t  

exposure. 

posure t i m e s  t o  determine any apparent  effect. 

Subsequent experiments w i l l  s tudy increased ex- 

C. Preparat ion of  B a c t e r i a l  Cul tures  

Spores o f  B .  - cereus and - B. s u b t i l i s  w e r e  produced on t r y p t i -  

case soy agar  (BBL). 

free spores  comprised 99% of both c u l t u r e s .  The spores  w e r e  

A f t e r  incubation a t  35°C f o r  6 t o  7 days,  

harves ted  i n  c h i l l e d  0.025 M, phosphate b u f f e r  (pH 7.0) and 
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washed seven t i m e s  be fo re  f i n a l  suspension i n  t h e  b u f f e r .  

The suspensions were cen t r i fuged  a t  5 ° C  i n  an I n t e r n a t i o n a l  

r e f r i g e r a t e d  c e n t r i f u g e ,  model PR-2, wi th  a N o .  284 head, 

a t  2,600 rev/min (1,500 x g ) .  The suspensions were s t o r e d  

a t  5°C and used without  h e a t  shock s i n c e  t h e  germination of 

spores  by s o i l  p a r t i c l e  abrasion was being inves t iga t ed ,  

Stock c u l t u r e s  of E .  c o l i  and S. aureus w e r e  produced by 

growing t h e  organisms on the  s u r f a c e  of  t r y p t i c a s e  soy agar  

f o r  24 o r  48-hr a t  35°C. Harvesting and s t o r a g e  procedures 

w e r e  t h e  same a s  previously descr ibed f o r  B. cereus and 

- B.  s u b t i l i s .  

D. Bacterial Recovery and Enumeration 

S o i l  samples w e r e  a s e p t i c a l l y  removed a t  var ious  t i m e  

i n t e r v a l s  (usua l ly  a t  1- and 3-hr pos t  i nocu la t ion  and a t  1, 3 ,  

7 ,  14, and 2 1  days) through t h e  sampling p o r t  whi le  t he  chamber 

r o t a t e d  

The samples w e r e  d i l u t e d  wi th  0.1% peptone water and appro- 

p r i a t e  d i l u t i o n s  w e r e  p l a t e d  on t r y p t i c a s e  soy agar  t o  recover '  

v i a b l e  b a c t e r i a  ( t o t a l  counts) .  Spore counts were performed 

by hea t ing  t h e  s o i l  suspension- d i l u t i o n s  f o r  10 min a t  80°C 

be fo re  p l a t i n g  on t r y p t i c a s e  soy agar .  The p l a t e s  w e r e  incu- 

ba ted  a t  37°C f o r  24 o r  48-hr. Bacterial counts are repor ted  

as t h e  average count of d u p l i c a t e  p l a t e s  from each of  two o r  

t h r e e  samples. 
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Other recovery media w e r e  used concurren t ly  as e i t h e r  

d i f f e r e n t i a l  (purp le  agar  base wi th  manni to l  incubated an- 

a e r o b i c a l l y  and MacConkey's agar)  o r  minimal (basa l  sa l t s  

agar )  media t o  e i t h e r  enhance recovery o f  a p a r t i c u l a r  spec ie s  

o r  t o  d e t e c t  me tabo l i ca l ly  i n j u r e d  cells . 

111. RESULTS AND DISCUSSION 

No a t tempt  w a s  made t o  c o n t r o l  t h e  re la t ive  humidity i n  

the  r o t a t i n g  chamber which would f a l l  t o  0% dur ing  t h e  f r e e z e  

per iod  and would assume ambient room re la t ive  humidity dur ing  

t h e  thaw per iod .  The d a i l y  freeze-thaw condi t ion  r e s u l t e d  i n  

t h e  s l i g h t  loss o f  moisture .  A s o i l  mois ture  determinat ion 

showed the  mois ture  conten t  of  t he  s o i l  t o  be  2.4% and 1.6% 

af te r  3-hr and 7 days,  r e spec t ive ly .  

Mechanical d i f f i c u l t i e s  wi th  t h e  r e f r i g e r a t i o n  system of  

t h e  environmental  chamber d id  n o t  a l low t h e  temperature t o  b e  

maintained a t  -65°C dur ing  the  frozen por t ion  o f  t h e  d a i l y  

freeze-thaw cyc le .  The temperature f l u c t u a t e d  between -18 

and -40°C f o r  t h e  f i r s t  several days. 

temperature range (0 t o  -45°C) f o r  b a c t e r i a l  cells and could 

have a g r e a t e r  adverse  effect  on ce l l  v i a b i l i t y  than would 

occur a t  a cons t an t  -65OC. 

This  i s  a very  c r i t i c a l  
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E. c o l i  d i d  n o t  surv ive  a s i n g l e  f r eeze - thaw/u l t r av io l e t  

exposure. The u l t r a v i o l e t  o r  freeze-thaw effects on ce l l  

v i a b i l i t y  cannot be determined s i n c e  the  same resul ts  w e r e  

obtained with a similar organism, S e r r a t i a  marcescens, a t  

room temperature without  u l t r a v i o l e t  i r r a d i a t i o n .  

The v i a b l e  c e l l  count o f  - S. aureus decreased approximately 

99% during t h e  i n i t i a l  3-day exposure t o  t h e  environmental  con- 

d i t i o n s  whi le  B. - cereus  and B. s u b t i l i s  decreased 75 and 80%, 

r e s p e c t i v e l y .  These d a t a  are shown i n  Figure 1. By t h e  end 

of t he  21-day exposure per iod the  v i a b l e  c e l l  count o f  - B. cereus 

and B. s u b t i l i s  decreased t o  99% whi le  _. S.  aureus decreased t o  

99.9%. 

There w a s  a d i f f e r e n c e  i n  t h e  decrease r a t e  o f  c e l l  v i -  

a b i l i t y  between t h e  cel ls  exposed t o  a d a i l y  freeze-thaw cyc le  

and u l t r a v i o l e t  i r r a d i a t i o n  and those cel ls  exposed t o  room 

temperature without  u l t r a v i o l e t  i r r a d i a t i o n .  

o f  cereus  and B. s u b t i l i s  exposed t o  room temperature ( I I T R I  

Report  No. L6023-15) decreased 99% over t h e  i n i t i a l  7-day per iod 

without  any f u r t h e r  reduct ion whereas t h e  c e l l  v i a b i l i t y  of  t hese  

same organisms exposed t o  d a i l y  freeze-thaw and u l t r a v i o l e t  ir- 

r a d i a t i o n  decreased 75 and 80%, r e s p e c t i v e l y ,  dur ing  a similar per iod 

with a subsequent decrease during the  remaining 14 days which 

brought t h e  ce l l  populat ions t o  s i m i l a r  levels i n  both sets o f  

experimental  condi t ions  . 

The ce l l  v i a b i l i t y  
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The la ter  decrease i n  ce l l  v i a b i l i t y  of  t h e  freeze-thaw 

and u l t r a v i o l e t  exposed organisms could have r e s u l t e d  from 

thermal s e n s i t i z a t i o n  o r  i t  could have been t h e  r e s u l t  o f  

ozone t o x i c i t y .  Both f a c t o r s  are p r e s e n t l y  be ing  inves t iga t ed .  

The thermal s e n s i t i z a t i o n  i s  of two types:  

1. The temperature f l u c t u a t i n g  between -18 and 

-40°C i n s t e a d  o f  t h e  programmed -65OC 

2. The temperature r ise  from ope ra t ing  t h e  u l t r a -  

v i o l e t  lamp. 

The 7-day - S. aureus surv ivors  are n o t  shown i n  Figure 1. 

This w a s  due t o  a d i f f i c u l t y  i n  recogoizing aureus co lonies  

i n  t h e  presence o f  l a r g e  numbers o f  B. cereus  and & s u b t i l i s .  

The d i f f i c u l t y  w a s  co r rec t ed  by re incubat ing  subsequent p l a t e s  

f o r  48-hr a f t e r  pigmentation of S. aureus w a s  more pronounced. -- 

IV. SUMMARY 

The v i a b l e  c e l l  count of  B. cereus and B. s u b t i l i s  decreased 
3- 7 

99% and - S. aureus decreased 99.9% during a 21-day exposure t o  

simulated Mart ian d u s t  clouds with d a i l y  freeze-thaw cyc les  

and u l t r a v i o l e t  i r r a d i a t i o n .  

The d a t a  i n d i c a t e s  t h a t  u l t r a v i o l e t  i r r a d i a t i o n  a t  t h e  su r -  

face o f  Mars i s  n o t  t h e  l e t h a l  agent  suggested by some b i o l o g i s t s  

and t h a t  t h e  surv iv ing  organisms s t i l l  p re sen t  a problem t o  t h e  

prevention o f  t h e  contamination of  Mars. 
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Confirmation of  t h e  repor ted  experiments as w e l l  as addi-  

t i o n a l  experiments w i t h  o t h e r  enviraamental condi t ions  such 

as moisture  concent ra t ion ,  ggseous composition, and barometr ic  

p re s su re  w i l l  be continued. 

V.  PERSONNEL AND RECORDS 

The experiments were planned with t h e  counsel  o f  D r .  E. J. 

Hawrylewicz and t h e  t e c h n i c a l  a s s i s t a n c e  of  M r .  B. T. Anderson 

and Mrs . M. L. Cephus . 
Experimental  d a t a  are recorded i n  IITRI Logbooks 619044 

and C19157. 
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Approved by: 

Charles A'. Hagen D 
Research B a c t e r i o l o g i s t  
L i f e  Sciences Research 

CAH/CO 

I l l  R E S E A R C H  I N S T I T U T E  



DISTRIBUTION LIST 

Copy No. 

Copy No. 

1 - 25 

26 

27 

28 

29 

30 

31 

32 

R e c i p i e n t  

Office o f  Grants  and Research Cont rac ts  
Office o f  Space Sciences 
Nat iona l  Aeronaut ics  and Space Adminis t ra t ion 
Washington , D .C. 
A t t en t ion :  SC 

M r .  Lawrence B. H a l l  
Office o f  Space Sciences and Appl ica t ions  
Nat iona l  Aeronaut ics  and Space Adminis t ra t ion 
Washington, D.C. 

D r .  C. S .  P i t t e n d r i g h  
Department o f  Biology 
Pr ince  ton Univers i t y  
P. 0. Box 704 
Pr ince ton ,  New Jersey 

D r .  Al lan Brown 
Department q f  Botany 
Un ive r s i ty  o f  Minnesota 
Minneapolis , Minnesota 

D r .  E.  C.  P o l l a r d  
V i s i t i n g  Professor  of  Biophysic 
Pennsylvania S t a  t e  Un ive r s i ty  
Un ive r s i ty  Park, Pennsylvania 

D r .  Norman Horowitz 
Biology Department 
C a l i f o r n i a  I n s t i t u t e  o f  Technology 
Pasadena, C a l i f o r n i a  

D r .  Melvin Calvin 
Space Sciences Laboratory 
Un ive r s i ty  o f  C a l i f o r n i a  
Berkeley, C a l i f o r n i a  

D r .  Sidney Fox 
F l o r i d a  S t a t e  Un ive r s i ty  
Tal lahassee ,  F l o r i d a  

I I T  R E S E A R C H  I N S T I T U T E  

12 



Copy No. 

33 

34 

35 

36 

37 

38 

39 

40 

Recip ien t  

D r .  Carl Sagan 
Harvard College Observatory 
Cambridge 38, Massachusetts 

D r .  Dale Jenkins  
Office o f  Space Sciences 
Nat iona l  Aeronautics and Space Administration 
Washington , D .C. 

D r .  R. E .  Cameron 
J e t  Propulsion Laborator ies  
C a l i f o r n i a  I n s t i t u t e  o f  Technology 
Pasadena, C a l i f o r n i a  

D r .  Car l  Bruch 
Office of Space Sciences and Applicat ions 
Nat ional  Aeronautics and Space Administration 
Washington, D.C. 

D r .  I r v i n  Davis 
USAF School o f  Aerospace Medicine 
P. 0. Box 4213 
Brooks A i r  Force Base, Texas 78235 

I I T  Research I n s t i t u t e  
Divis ion L F i l e s  

I I T  Research I n s t i t u t e  
S.  L. Blum, G.  Burkholder, Main F i l e s  

I I T  Research I n s t i t u t e  
T.  R.  P lonis  

111 R E S E A R C H  I N S T I T U T E  

13 


